Kinetic investigations for ozone conversion on three different series of zinc oxide catalysts, containing pure ZnO and doped with Mn or Cu one with dopant content less than 1 wt.% were carried out. The different samples were obtained from carbonate, nitrate and acetate precursors. The as prepared catalysts were characterized by AAS, XRD, IR, EPR and BET methods. The mean size of the crystallites determined by XRD data is in the range 27÷68 nm. 
INTRODUCTION
Zinc oxide is a catalyst, preferred for many heterogenic reactions due to its insolubility and low price . The catalytic activity of ZnO strongly depends on the used method of synthesis 5, 6, 7, 8 . The specifi c surface area and the defects have great infl uence on the activity of metal oxides catalysts. For achieving higher activity different transition metal dopants such as Mn or Cu could be used for raising surface defects leading to evolution of the specifi c surface area of the catalysts. It is well known that Mn and Cu substitute Zn ions in the structure of hexagonal wurzite ZnO
9, 10
. Well evolved surface area typical for nanomaterials has advance on catalysis. Decrease of the mean size of the particles and respectively increase of the specifi c surface area leads to increase in the number of active sites, where the reaction is carried out 11 . The scarce information describing the way of synthesis of ZnO catalysts used for ozonation exists in the literature 5 . Few publications discussed the application of pure ZnO as catalyst for ozone decomposition as well as for disposal of organic pollutants in the presence of ozone. However the use of doped with small amounts of Mn and Cu zinc oxide as ozone decomposition catalyst is not investigated from other authors. In previous publication 12 we have made investigation of the activity of doped ZnO for ozone decomposition with the time. The aim of the present article is to explore the infl uence of the precursor used for obtaining of ZnO doped with Mn and Cu over catalytic activity for ozone decomposition with the temperature. The synthesis is published in details in 12 .
EXPERIMENTAL

Sample characterization
ААS analysis
Chemical composition of the samples was determined using Atomic Absorption Analysis FAAS -SOLAAR M5 spectrometer. For preparation of standard solutions standards produced by "Titrisol" (Merck) -Germany were used, the concentration of reference metal content was 1000 ppm.
X-ray diffraction (XRD) analysis
The X-ray diffraction (XRD) analysis was carried out on a Siemens powder diffractometer model D500 using CuK radiation within a 2 angle of diffraction interval of 10-60 degrees. The identifi cation of the phases was done by means of the JCPDS database of the International Center of Powder Diffraction Data. The particle size was determined by Scherrer's formula.
Infrared Spectroscopy (IR)
The IR spectra were recorded in the range of 4000 to 400 cm -1 on a IFS 25 spectrometer (Brűker) with resolution of less than 2 cm -1 . The samples were prepared as tablets from KBr, with content of investigated samples.
Electron paramagnetic resonance (EPR)
The electron paramagnetic resonance (EPR) spectra were registered as a fi rst derivative of the absorption signal in the temperature interval of 100-400 K using an ERS 220/Q instrument.
Аdsorption -texture analysis The determination of the specifi c surface area was carried out by nitrogen adsorption at the boiling temperature of liquid nitrogen (77.4 K) using a conventional volumemeasuring apparatus. Before the measurements, the samples were degassed at 423K until the residual pressure became lower than 1.333 x 10 -2 Pa.
Catalytic activity test
The catalytic activity of the sample in the reaction of ozone decomposition was investigated in a plug fl ow reactor system. The catalyst particle sizes were 0.25÷0.6 mm. The volume rate was 120 000 h -1 . Ozone was synthesized in a fl ow of oxygen (99.7%) and dried with silica gel using an ozone generator with silent discharge and coaxial electrodes. The inlet concentration of ozone was varying from 13 to 15 g/m 3 (0.25-0.3 mol/ m 3 ). Ozone concentration was measured by an Ozomat GM (Anseros, Germany) ozone analyzer with a resolution of  0.1 g/m 3 . The range of the temperature was 30÷75 o C, the raise step was 5 degrees per 2 minutes.
RESULTS AND DISCUSSION
The X-ray diffraction patterns of investigated pure and doped by Cu The compositions of the obtained samples and their specifi c surface area are presented in Table 1 . The concentration of the dopants was evaluated by AAS method and is less than 0.2 wt.%. It can be seen that specifi c surface area strongly depends on precursor type. The lowest specifi c surface area has ZnO obtained from zinc nitrate precursor. The reasonable explanation for this could be associated with the fact that the process of decomposition of the precursor pass through in a molten state. Highest specifi c surface area has ZnO obtained from carbonate precursor, due to the fact that during decomposition process a great amount of gases is dissociated. That difference in the value of the specifi c surface area keeps for doped with Mn and Cu zinc oxide samples. ZnO (Fig. 5) 
14, 15
. The EPR spectra of MnZnO samples are shown in Figure 6 . Six characteristic lines for isolated Mn 2+ are observed for MnZnO(ca.) and MnZnO(ac.) samples, together with broad line of cluster manganese ions, as mentioned in 16, 17, 18 . According to the spectroscopic analysis the manganese ions are dispersed within the ZnO matrix, and adsorbed on the ZnO surface, or formed manganese clusters with strong metal-metal interactions
5
. The six-line hyperfine structure is clear inducation for interaction between nucleus and the electrons in the magnetic field 19 . EPR spectrum of ZnO(nit.) shows only broad line of cluster Mn ions as it was established by Bogomolova et al. 20 . The EPR spectra of CuZnO catalysts are presented in the next Figure 7 . For all of C for undoped one. Noticeable raise of the activity is observed for nitrate precursor synthesized samples too, but because their specifi c surface areas are not well developed, the obtained catalysts according to us cannot fi nd practical application. Bellini et al.
10 fi nd out that diffusion processes during the method of obtaining of the catalysts at high temperatures could lead to reactions that may provoke the appearance of defects when Cu 2+ cations substitute Zn 2+ cations in the crystal lattice of ZnO. It was also observed (see the explanation above) that by doping with Cu the intensity of the diffraction peaks of the ZnO decreased which was caused by the decrease in the crystallinity of ZnO. Such changes in crystallinity might be the result of changes in the atomic environment due to extrinsic doping of ZnO samples. According to theoretical calculations by Yan et al.
23 on Cu-ZnO electronic structure, Cu occupying a Zn site creates a single-acceptor state above the valence band Ev of ZnO. According to our experimental XRD results, only ZnO peaks have been detected, which suggest that Cu is incorporated into the lattice. The Cu doping mechanism of ZnO can be described by Cu-doping into the ZnO host lattice; Cu 2+ is substituting the Zn 2+ sites. In our previous paper 24 the X-ray Photoelectron Spectroscopy (XPS) analysis was employed on the same system but synthesized from different precursor. We have observed a signifi cant increase in the ratio of the oxygen XPS features attributed to defective ZnO in the Cu-doped sample as compared to the undoped ZnO reemphasizing the incorporation of Cu 2+ ions into the ZnO and the consequent generation of defects. The result shows that the high activity of Cu doped zinc oxide is due to the creation of complex defects in the ZnO lattice 10 . Practically similar conversion of the manganese doped and pure ZnO (not shown here) catalyst was reached and this fact limits their application for ozone decomposition.
CONCLUSIONS
The catalytic activity of the catalysts, obtained from pure or doped with Cu and Mn zinc oxide is determined by means of the initial precursor used as follows: carbonate>acetate>nitrate.
The same correlation is observed and is related to the physicochemical parameters of the investigated catalytic systems -specifi c surface area and size of crystallites.
The catalyst based on CuZnO (ca.) is the most perspective for practical application, reaching 100% ozone conversion at 70 o C.
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presented in Figure 8 . Two main conclusions can be made from the obtained results. First of all the obtained carbonate precursor samples have considerably higher conversion compared to those of nitrate and acetate precursor samples, which easily can be explained with their well developed specifi c surface area, as a result of dissociation of great amount of gases during their synthesis. The conversion for carbonate precursor samples is not proportionally higher to the specifi c surface area compared to other precursor samples most probably due to internal diffusion factors. Practically full conversion is observed only for carbonate precursor synthesized samples in a temperature interval 70÷75 o C, while the most active acetate sample has less than 66% conversion in this temperature range. Reasons for the activity of ZnO as catalyst are -its donor characteristic, caused by the large number of defect sites as oxygen vacancies and interstitial atoms and the acceptor states arising from vacancies and interstitial oxygen atoms 22 . 
